ABSTRACT
Optical Coherence Tomography is also an invasive method, which presently is considered as the golden standard for visualisation of the apposition of the stent to the vessel wall. At the same time, the technique is considered ideal for the measurement of fibrous cap thickness, a parameter inversely related to the risk of plaque rupture ( Figure 3) . A thin fibrous cap is considered as a marker of risk of an acute myocardial infarction and therefore exact measurement of its thickness is crucial in predicting plaque-associated risks. OCT is also extremely useful for assessing the characteristics and morphology of restenotic tissue, which can be classified as homogenous, het- erogenous or layered, with regular or irregularly shaped lumen, and with or without microvessels or without intraluminal material such as thrombi. 6, 7 While each of these techniques provide relevant information for plaque assessment, none of them alone provide all the required information related to atheromatous plaque vulnerability.
It is important to note that in case of a patient presenting with acute chest pain and ISR, it may be difficult to determine if the acute event is caused by an ISR lesion or by other de-novo lesions in the native coronary arteries, another lesion in the stented artery or a lesion in another coronary artery. This differentiation could be particularly important in determining a fitting therapeutic strategy and in deciding which lesion to stent in acute conditions. Combination of the information provided by the three imaging techniques can play a decisive role in the identification of an unstable plaque, i.e. the factor which produces an acute event and which should be stented in emergency conditions. [8] [9] [10] [11] In this study the aim was to compare the characteristics The NULL hypothesis of this study was that there are no differences between the ISR and native vessels with respect to the composition of the atheromatous plaque as determined by OCT or VH-IVUS.
MATERIAL AND METHODS

Study deSign
This is a prospective single-center pilot study in which 27 patients with 38 coronary BMS, presenting at the emergency unit with acute chest pain and having at least one symptomatic BMS restenosis, defined as at least 50% steno- Coronary angiography was used in combination with IVUS and OCT. All examinations served to assess all coronary lesions, not only those responsible for in-stent restenosis but also those in native vessels. Twenty-seven in-stent restenosis lesions and 43 lesions in native coronary vessels were identified. Plaque density was determined using Angio CT, plaque composition was assessed by IVUS associated with virtual histology, while tissue structure and fibrous cap thickness were measured by OCT.
In total 27 ISR lesions were screened and analyzed. Angio CT evaluation included visual assessment of ISR tissue shape and the presence or absence of low density areas inside the restenotic tissue. OCT assessment included measurement of the fibrous cap thickness and visual evaluation of tissue structure and shape, while IVUS assessment included quantification of the plaque components including determination of the amount of necrotic core by virtual histology.
Methodology
Multislice Angio CT acquisition and interpretation
All CT acquisitions were made using a Multi-slice 64 Somatom Sensation CT (Siemens, Erlangen, Germany) with a 64 × 0.5 mm detector collimation. During an inspiratory breath-hold, 60 ml of Iopamidol, 370 mg I/ml, (Bayer Healthcare, Leverkusen, Germany) was infused at a speed of 4.0 ml/sec followed by 20 ml at 2.0 ml/sec. In cases of tachycardia 50-100 mg of the beta-blocker metoprolol were administered. All examinations were made only after a heart rate below 70/min was attained. All acquired images were transferred to a workstation (Siemens, Erlangen, Germany) for data processing, measurements and interpretation. Plaque analysis was performed on crosssectional, longitudinal and multiplanar reformation images, and each intraluminal material was characterized by two blinded operators for the presence or the absence of an ISR, the shape of the restenotic tissue and the presence of areas inside the restenotic tissue, with a CT density less than 30 Hounsfield Units.
OCT acquisition and interpretation
OCT analysis was performed using an Iilumien™ Optis™ PCI optimization system (St Jude medical, St Paul, Minessota, USA) immediately after coronary angiography. The following parameters were determined for each stent:
• presence of a TCFA containing neointima;
• neointimal rupture;
• thickness of the fibrous cap;
• presence of intraluminal material such as thrombi;
• restenotic tissue area;
• morphologic aspects such as homogenous, heterogenous or layered;
• shape of the lumen -regular or irregular;
• presence of a lipid pool;
• presence of microvessels;
• thrombus or macrophages.
Intravascular ultrasound
IVUS was performed using the S5 imaging system (Volcano, San Diego, USA), for the assessment of virtual histology and the quantification of the necrotic core, fibrotic tissue, fibrofatty tissue and calcifications plaque components.
Coronary angiography was performed using the Artis Zee system (Siemens Healthcare, Erlangen, UK) for diagnostic and interventional imaging.
The following parameters were determined for each stent:
• the presence of a >50% restenosis;
• the type of restenosis, focal or diffuse. 
RESuLTS
In total, 27 patients with 38 coronary BMS were included in the study, in whom 27 ISR lesions and 43 lesions in native coronary vessels were identified. The mean age of the patients was 62.3 ( ± 10.9) years and 48.1% of the patients were males. The presence of dyslipidemia was noted in 66.6% of cases, smoking status in 40.7% of cases, hypertension in 33.3% of cases, obesity in 29.6% of cases and diabetes in 29.6% of cases with ISR.
The characteristics of the patient population are presented in Table 1 . The characteristics of plaques analyzed by Angio CT, VH-IVUS and OCT are presented in Table 2 .
Angio CT examination revealed that atheromatous In this study it was demonstrated that neoatherosclerosis within an implanted stent represents an unstable, vulnerable plaque, and presents to a significantly higher extent, the markers associated with plaque vulnerability, compared to de-novo lesions, in native coronary arteries. The NULL hypothesis of this study, that there are no differences between the ISR and native vessels with respect to composition of atheromatous plaque as determined by OCT or VH-IVUS was rejected, as the study demonstrated clear and relevant differences between the two types of atherosclerotic plaques.
Therefore the study demonstrates that in-stent neoatherosclerosis is a different process from classical neointimal hyperplasia, in that it develops in time within the implanted coronary stents and is associated with a higher risk of acute coronary events.
STuDY LIMITATIONS
The study included a relatively small number of cases and therefore the conclusions should be generalised with caution. Further studies are required, on larger numbers, in order to validate these observations. 
